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GaOIaig OF ALUIU ALLOS The effect of chemical milling on suscepti-

bility to hydrogen embrittlement of high-strength
The fundamentel mechanism* of the corrosion steel& H-11, 4340, Vascojet 1000, and 17-? PH has

of aluminum alloys in water at 200 to C (300 to ben studied at the Naval Air Engineering Center.(6)
4 70 F) are being studied at Oak Ridge.tl) Alloy Results indicated that the acid baths used for

additions included zinc, magnesium, copper, iron, chemical willing Initially ewbrittle all of these
umuia yttrium, and beryllium. Within certalr. concentra- alloys except 4340, but that recovery of ductility

tion ranges, all additives greatly improved the occurb within 1 week at room temperature if therer~cor'o:.... i~sistance of aluminum. The marked im- Is no barrier to the escape of hydrogen (such as
provement occurred when a second phase was present. plating). Chemiral m' 1' "ng increased the susc-+'-

N o electrochemical effect could be ascxibed to the bility to stress-corrosion cracking in tests con-

second phase because the observed reduction in ducted with H4-11 and 17-7 PH in 3.5 percent MaClcorrosion rate of the several alloys was independent solution.

of whether the second phase was anodic or cathodic
to the aluminum matrix. The susceptibility of hardened steel to hydro-

gen embrittlement in black oxide and zinc phospha-
The movement of Ions through the passive tizing pocsses has been studied at Rock Islandfile en aluminum has been Investigated in Norway.(2) Area( 7) tr tecaigtetet ocefi l m a um i n m h s b e n i ve s i g at d i N or ay . 2) A rsen a l . 7 A ft er th e co a tin g tre a tm en t , no t ch ed

In room-tempersture, high-purity water, passivation tensile bars of 1045, 1095, and 4140 steels harden-
was found to be due to a thin barrier film 10 to ed to Rockwell C 50 were loaded to 75 percent of the
30 A thick adjacent to the metal surface. The ultimate notched tensile strength. The blpck oxide
barrier film was an Ionic semiconductor in which treatment produced no embrittlement, but the phos-
the transport of both anions and cations determined phate treatment caused severe hydrogen ebrittle-
the corrosion rate. The barrier oxide was found to ment. Baking at 210 F for 24 hours was not suf-
be unstable in water and was continuously converted ficient to consistently eliminate the esrLittling
to the hydrated bulk oxide. It was concluded that effects resulting from the phosphate treatment.
the bulk oxide also was Important In the corrosion
process because it protected the barrier oxide from STAINLESS STEL
the water.

Conceptual sketches illustrating the theory
Corrosion behavior and surface treatments to of initiation of stress-corrosion cracking in

prevent corrosion are among the subjects covered stainless steels and other alloys h been pre-
in the data handbooks for aluminum alloy 2219 and pared by the Ohio State University.(8) The theory
Inconel lOy 718 recently compiled by Syracuse Uni- presumes that cracks initiate at anodic sites where
versity.t i!4) active slip planes under applied stress emerge at

the surface and rupture the passive oxide film.
CDA10SION OF MFRUS ALLOYS This mechanism is used to explain the improved re-

sistance to cracking obtained by preoxidizing a
Hich-Strenoth Steels. The effect of notches specimen prior to exposure to a crack-producing

and salt-water corrosion on the flexural fatigue environment over that obtained by exposing the
strength of HT, HY-SO, HY-100, NY-130/150, and specimen directly to the enviroment.
Norage 190 steels has en studied at the Marine
Engineering Laboratory.5) It was found that both The factors affecting the critical potential
mechanical notches and szlt-water corrosion were below which pitting of 1SCr-SNi stainless steel does
more damaging in high-cyle than in low-cycle fatigue, not occur in aqueous chlclde so'.Lions have been
The combined effect of mechanical notches and salt studied at the Massachusetts Institute of Tech-
water was greater than either separately. The nolow.(9) It was found that Increasing the
critical notch-root radius for HT, HY-lO0, and, chloride-ion concentration shifted the critical
presumably, HY-90, was approximately 0.010 in., potential to moe active values, while the presence
while the critical radium for HY-130/150 end Mavage of other ions, such C104", SO6, ND3 , or W,
180 was at, or lass than, 0.002 inches. The high- shifted the potential to a more noble value.
cycle, salt-water corrosion-fatiguo strengths of Sufficient concentrations of these other ions in-
the sharply notched steels wer less then 10,000 psi hibit*d pitting. The critical potential in
beyond 10-willion cycles, regardless of tensile ch.oride solutions was not affected ppreciably in
yield strength. th aId range, but moved mrke in M .

direction In the alkaline r1nge1L/L'
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aaNSM~ OF NIOCEL- AND 0ALI-lASE MUMS 11 LICH at 22D C (428 1) failed to produce cracks
istressed Inconel 600 samles. Although th.

j~baaat9~~: ~ ' " Rna41, and cause of cracking was not established, it was
Iftepaloy have beon exposed to hot exhaust gases "ecomaended that Inconel 600 be vacuum melted to
from combustion of oxygen-hydrogen in mixture ratios minimize impurities, particularly carbon, that
of 75 to 150 in research condycted at the NASA- fabrication and operation stresses be minimized,
Marshall Space Flight Canter.( 10) Firings were con- and that crevices and localized boiling be *lIWinat-
ducted for 30 seconds In a 3600-pound-thrust com- ad In the reactov.
bustor at a chamber pressure of 1000 psia. There
was no erosion or melting of these materials except Evaporatin. Evaporation rates of superalloys
during a mixture ratio shift through stoichiometry Hastelloy Alloy X and Hansa Alloy 2P jli heliurn have
in the start transient of one firing, bean studied at Battell-NorthwestA Ic) Preliminary

results Indicate that evaporation ratos Increase
Avco has undertaken a study of sulfidation cor- with temperature (2000 to 2100 F) and with velocity

rosion of 12 superalloys in JP-AR fuel exhaust gases above 300 ft/sec. Maximm metal evaporation rates
containing synthetic se a sat.( 11) Initital results were about 0.07 mils/day.
of cyclic tests producing 120 total hours at tem-
perature have Indicated no sulfidation of a cobalt- Sawater. The results of a 1-year galvanic
base alloy (X-40) at temperatures to 1750 F. The corrosion test in seawater flowing at 2 fps have
11 nick.' -base alloys exhibited varying degrees of been re orled by the Naval Marine Engineering Labc-
sulfidation. In general, this localized penetration ratory.F19J The following alloys were not subject
was first detected at About 1490 F, reached a maxi- to galvanic corrosion when coupled to Nonels
a depth of as anuch as 20 ml at about 1575 F. SUlites 6K, -6B, and -98A2. Ttt_ G, Cobeniua,
and was no longer evident at about 1790 F. and Kennametal K(601. Galvanic corrosion was ob-

served on the following alloys when coupled to
On the other hand, studies at Allison with Nonels Stallitas 3 and Star J3, Kennametals 1(162B,

sodium sulfate and several of these same superalloys K(82, 1(96, K(701, and 1(801, and Beart.m Metal.
have shown a definite increase in corrosion and
sulfidation with ipcreasing temperature In the range COlRROSION OF TITANIUM
of 1700 to 1900 F,. 12) Toots runs were of 900-cycle
duration. A cycle consisted of a 0.9-minute spray Geerl Information obtained since 1960 on
of 1 percent sodiim-sulfate solution between 1.5- tU, corrosion behavior of titanium and Its alloys
minute heating periods, has bee r ~viewed by the Defense Metals Information

Center. 2) Inciuded among the environments were
Hot N2 4  h xdto frfatr eas salts, mineral acids, gases, liquid metals, and

and Alloy 718 In flowng%4 at 1200 F has bean organic compounds. Considerable attention was
studied by Marquardt. lJ Tirty-minute runs produced given to the problem of stress-corrosion cracking.

some discoloration but little weight gain on theStesoroinrakg.Teiai.
Alloy 718 and 8-66 coluabiuin alloy. Heavy oxide MeastCop-orion f Peric h e shwntati-
buildup ozcurred on unalloyed coluinbiumn, C-103 Mtl oprto fAeiahssonta I
columbitin alloy, and unalloyed tantalum. The oxide 6A1-4V alloy does not stress-corrosion crack in
$palled on the latter two materials. reagent-grade iop oJl alcohol alone or containing

2 g/l HCl or NaCl.f 2 'iNotched and unnotched bent-
Wtor and Stean. The current status of stes beam specimens were exposed 5 days at stresses up

corrosion cracking In high-ickel alloys has been re- to the yield strength. Similar tests in methyl
ported by Coriou, et al 4 Intargr--_'_ cracking alcohol produced stress-corrosion cracking.

wobserved in stressed Inconel &DO and Hostelloy The effect of thermal cycling to simulate
Alloy . exposed to high-purity water at 662 F and seic codtnsnthht-at(alsrs-
in stressed Inconel 600 exposed to 117.2 F steam* corriondacingeaions othhoft-salt allosrs
The behavior under these conditions was compared bein stied catn Nohaor Nof it ma lloysCy i s

withthehighsuseptbiliy o thse aloy tOposures at 650 F equivalent to nearly 10 times the
intergranwlar attack in boiling nitric acid contain- continuous stress-corrosion-crcking nucleation
ing CV*6 ions. An earlier paper by the, International time have not produced stress-corrosion cracking
Nickel Company has shown that Inconel 600 (anti Type in Ti-6A1-4V or Tt-13V-llC:-3A1 alloys. In ad-
304 stainless steel) exhibited intergranular cracking dition, cyclic exposures at 650 F suppressed growth
In high-temperature, high-purity water Wien there rates of existing stress-corrosion cracks and the
were crevices at tl* r1dgtO stressed broas and the nucleation of new cracks in Ti-8Al-~o-IV alloy.

wete cotaina oygan'~'Leadconamintio in The thermal cycle consisted of heating to 650 F in
high-temperature weter also was found to cause10t15mneshodgat60Ffr3h r,

st~ee-crroion racingof Iconl-SO.tooling In 45 to 50 minutes. Continuous exposure

The ccont o stesscorrsio crakin of at 450 F produced hot-salt stress-corrosion crack-
highly stressed Inconel 600 tubes in the Agn n iel-s-Y tesett95ki
Nuclear Po 16 Sl~ifon has been published by Swdish The corrosion behavior of welded alpha-beta
oientisto.Ti, The cracks originated on the out- titanium alloys for application to submarine hull

side surface, which contacted light water at pH 10 plate hot been rorted by Titanium Metele Oorper-
(LiU onICR en 217C (23 ) fr soe 10 dys. ation of Ame---a. 23) The alloys were Ti-6AI-4V,

Cracks were found in crevices and on fully expiosed Ti-6A-Mo, Ti-4A-0.UNo, and Ti-7A1-2.Uio. Cir-
surfaces. Surf ace contamination* at the cracks was cular-weid-patch-type restraint teats shwead no
fouund to be limited to I Pha/m 2 flourine. Subse-

quen laoreorytast inhig-puity ate an in evidence of weld-zone cracking in air or In syn-
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th tic seawater. Slow bond tests on mall Charpy- site, the best paint system was zinc phosphate-
Impact speclmns with 0.001-inch machined radius in phenolic primer-phenolic onamel, which corroded
the notch area revealed that only the Ti-4AI-o0.Mo least at score marks. At the other sites, numerous
alloy felled at lower sustained loads in seawater other systems performed equally well or better.
than in air.

Lockheed has made a cp sion-control study
The effect of fuel-tank sealants on the stress- of the SOIA Agena vehicle.?Y The corrosion prob-

corrosion cracking of titanium alloys at 450 to 500 F mes were found to arise primarily from the in-
has been studied by TRW Equipment Laborato r. .% adequacy of existing costing systems on magnesium
varnish (RK692) produced no delayed failures in pro- mating surfaces.

cracked specimens at toWeratures to 600 F and
stresses to 95 percent of the notch tensile yield
strength. AFML triazine sealant promoted extensivedelayed failure in relatively short times, while BUIJUh.
rformance in Dow Corning fluorosilicone elastomer
94-002) was Intermediate between that in the var- (1) Peterson, S., "Metals and Cermics Division

nish and the triazine sealant. TI-13V-IlC-3A1 Annual Progress Report of Period Ending June
allay was more -isceptible to delayed failure than 30, 1966", USABC Report ORNL-3970, Oak.Ridgp
Ti-6A1-4V or Ti-SI-IMo-IV alloys. National Laborstory, Oak Ridge, Tenn. (Octo-br, 1966).

Titanium alloys have been cathodically charged
with trit'- -y '- . A;tlopower in cp siction (2) Viams, K., 'Fundaentals of the Corrosion ofwith staross-corroston-cracking studies. ; Auto- Super Pure Aluminm in Wfatee , Report KR-88

radiographs showed that tritium introduced by ca- (CbF-6W0514-2), Institute for Atamenergi
thodic charging in tritiated water was distributed Kjeller, Norway (February, 1966).
uniformly throughout the lattice of the Ti-SAl-2.SSn
alloy. However, no tritium was found at hydride (3) Stsaler, J., and Weiss, V., "Materials Date
platelets that rorned in the ilcroetucue of this Handbook - Alminu Alloy 2219", Report R-
alloy. In the Ti-6A1-4V alloy, tritium was evenly 74545, Syracuse University, Syracuae, N. Y.,
distributed In the alpha lattice at low charging- Contract NAS 8-11345 (Merh, 1966) MIIC No.
current densities, but appeared to concentrate in 66878.
alpha-beta and alpha-alpha boundaries at high current
densities. No tritlium was found in the beta phase (4) Sesser, J., and Weiss, V., "Mater, ls Date
of the Ti-6AI-4V allay or in the all-beta Ti-13V- Handbook - Inconel Alloy 718", Syracuse Uni-
llCr-3A1 alloy. versity, Syracuse, N. Y., Contract HAS

8-11345 (September, 1966) EtIC No. 66882.CORROSION OF PREFRA'PORY ALLOgYS
1(5) Gross, X. R., and Cz/ryca, E. J., "Effects

Lewis Research Center has screened 57 materials of Notches and Saltwater Corrosion on the
for throe sorts for ablative-material nozzle Flaxural Fatigue Properties of Steels for

.The propellent was M204 and 50t5 hy- Hyd-ospace Vehicles", Report MEL 420/66,
daezine, unsymmetrical dimethyhydrazine. Engine U. S. Marine Engineering Laboratory (October,
conditions were 100 psi& chuat-r pressure with an 1966) MIIC No. 66522.
oxide-A fuel ratio of 2.0. Rapid oxidation was ex-
perienced with the refractory metals tantalum and (6) Ketcham, S. J., "Cheaical Milling of Alloy
molybdenum and several of their alloys. Optium Steels", Report NAEC-AML-2418, Novel Air En-
performane was obtained with pyrolytic silicon car- ginec ing Center, Philadelphia, Penn. (March
bide coting on graphite which withstood four test 9, 1966) MINC No. 66205.
cycles totalling 722 seconds before failure. Embrittlement of
_____________________~l Steel in Metal Finishing Processes of Black

Oxide and Zinc Phosphatize", Report 66-2008,
The corrosion of beryllium in seawater has U. S. Army Weapons Contand, Rock Island Ar-

been rorted by the Air Force Institute of Tech- senal, Rock Island, Ill. (June, 1966) 34IC
nology. 27) Results of 14-day tests in serated sea- No. 66062.
water at 95 F revealed a corrosion rate of 25.9
mile/yr and pitting to a maximum depth of 15 mils. (a) Staehle, R. W., "A Stody of the Mechanim of
Transranular stress-corrosion cracking was observ- Stress-Corrosion Cracking in the Iron-Nickel-
ed in 59 F semter at stress levels of less than Chromiun Alloy Systes, USAIC Report MO-
one-half the yield strength. 1319-42, The Ohio State University, Columbus,0. (August 30, 1966).

(9) Leckie, H. P., and Uhligs H. H., tn viron-
The results of 21 months' exposure in tropical mental Factors Mfecting the Critical Po-

Panama of 20 paint system on steel have been rpp!:- tential for Pitting in 18-8 Stainless Stell,
ad by the Amy Coating and Chemical Laborstorylwot lectrochm. Soc., j,1 (12), 1262-1267
Specimens were exposed at breakwater, in an open (December, 1966) EMIC No. 66764.
field, and in a reain forest. It was found that no
single system offered optimaim corvrosion psotection

I~r ll exposure coditions. At. the bgroaioater



(10) Bailey. C. R., "A Preliminary Investigation (20) Jackson, J.D., and Boyd, W. K., "Corrosion of

of Oxidizer-Rich Oygefl..Hydrogion Combustion Titanlie , EMIC Memorandum 218, Defense Metals
Characteristice , Report TN-D329, NASA- Information Center, Battelle Memorial Institute,
George C. Marshall Space Flight Center, Columbus, 0. (September 1, 1966).

Huntvile, la.(Deembe 196) UICMo.(21) Murphy, T. J., "Stress Corrosion of Ti-.Al-411

(11) Prel Mnz li~.ntion rported by Avica CoZr- in Alcohols", Research Report, Titaniuma Metals
poration, Stratford, Conn. under Air Forces Corporation of America, West Caldwell, x. j.
Contract AF 33(615)-5212. (November 30, 1966) EMIC No. 66602.

(12) Preliminary Information reported by General (22) Preliminary information reported by Norair
Motors Corporation, Allison Division, Division Of Northrop Corporation, Hawthorne,
Indianopolis, Ind., under Air Force Contract Calif., under Air Force Contract 33(615)-3642.
AF 33(615)-5211. (23) Mitchell, D. R., and Feige, H. G., "Evaluation

(13) Preliminary information reported by Marquardt of the Naval Submarine Hull Plate Alpha-Beta
Corporation, Van Nuys, Calif., under Air Force Candidate Alloys for Weld Efficiency In 1"
Contract AF 04(611)-11539. Plate", Final Report 433/66, Titanium Cor-

poration of America, West Caldwell, H. J.,
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